AD-A058  839 


UNCLASSIFIED 


NEW  JERSEY  STATE  DEPT  OF  ENVIRONMENTAL  PROTECTION  TRENTON  F/6  13/2 
NATIONAL  DAM  SAFETY  PROGRAM*  ECHO  LAKE  INTAKE  DAM.  (NJ-00315).  — ETC(U) 
AUG  78  0 J LEARY  DACW61-78-C-012* 


ADAO  588  39 


r 


ri 


National  Dam  Safety  Program. 

\ Echo  Lake  Intake  Dam.  CM)-  ••$*€? 

, —l c _ i i n 


/Echo  Lake  Spill  Way  Dan. 


/ Passaic  River  Basin  Macopin  River. 
/ Passaic  County,  New  Jersey. 

Phase  I Inspection  Report. 


{NJ-00558) 


PASSAIC  'RIVER  BASIN 
MACOPIN  RIVER.  PASSAIC  COUNTY 
NEW  JERSEY 

ECHO  LAKE  INTAKE  DAM 
ECHO  LAKE  SPILLWAY  DAM 

PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 




NJ  00315 

NJQQ55B 


pJV 


( psvvrw-sp'  J' 

<?>'  i- — 


J?  O' 


A 


// 

y 


DEPARTMENT  OF  THE  ARMY 
PHILADELPHIA  DISTRICT, CORPS  OF  ENGINEERS 
CUSTOM  HOUSE  - 2D  & CHESTNUT  STREETS 
PHILADELPHIA.  PENNSYLVANIA  19106 

AUGflOTRB90 78  Approved  for  Public  release} 


/ 


a 


rj. 


jp 


0 


distribution  unlimited 

¥/o  fit 


SECURITY  CLASSIFI £AXV 

OF  THIS  PAGE  (When  Data  Entared) 

REPO 

&T  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

NJ00315  & NJ00558 


4.  TITLE  (end  Subtitle) 

Phase  I Inspection  Report 

Spillway  Dam 

Passaic  County,  N.J. 


7.  authorc*; 

Dennis  J.  Leary,  P.E. 


5.  TYPE  OF  REPORT  & PERIOD  COVERED 

FINAL 


6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBERS) 

DACW61-78-C-01241^ 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Langan  Engineering  Associates,  Inc.-^ 
970  Clifton  Ave. 

Clifton,  N.J.  07013 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.S.  Army  Engineer  District,  Philadelphia 
Custom  House,  2d  & Chestnut  Streets 
Philadelphia,  Pennsylvania  19106 


4.  MONITORING  AGENCY  NAME  & ADDRESS^//  different  from  Controlling  Office ) 


10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  & WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

August  1978 


13.  NUMBER  OF  PAGES 

83 


15.  SECURITY  CLASS,  (of  thle  report) 

Unclassified 


15a.  DECLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


17.  DISTRIBUTION  STATEMENT  (of  the  ebetract  entered  in  Block  20,  It  different  from  Report) 


18.  SUPPLEMENTARY  NOTES 


Copies  are  obtainable  from  National  Technical  Information  Service,  Springfield, 
Virginia,  22151. 


19.  KEY  WORDS  (Continue  on  reveree  aide  If  neceeeary  and  identify  by  block  number) 

Dams --New  Jersey 

National  Dam  Safety  Program  Phase  I 
Dam  Safety 

Dam  Inspection*  Echo  Lake  Intake  Dam,  N.J. 


£ 


0.  ABSTRACT  (Cooitnua  an  rererea  »fda  ft  neceeeary  and  Identify  by  block  number) 

This  report  cites  results  of  a technical  investigation  as  to  the  dam's  ade- 
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includes  visual  inspection,  review  of  available  design  and  construction  records; 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam's  general  condition  is  included  in  the 
report . 
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Honorable  Brendan  T.  Byrne  1 $FP 

Governor  of  New  Jersey 
Trenton.  New  Jersey  08621 


Dear  Governor  Byrne: 

Inclosed  is  the  Phase  I Inspection  Report  for  Echo  Lake  Intake  and  Spillway 
Dams  in  Passaic  County,  New  Jersey  which  has  been  prepared  under  authorization 
of  the  Dam  Inspection  Act,  Public  Law  92-367.  A brief  assessment  of 
the  condition  of  these  dams  la  given  on  the  flrat  four  pages  of  the 
report . 

Rased  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Echo  Lake  Intake  and  Spillway  Dams,  high  hazard 
potential  structures,  are  judged  to  be  In  fair  overall  condition. 

Both  dams  are  considered  to  have  sufficient  capacity  to  adequately 
handle  the  Probable  Maximum  Flood(PMF).  To  Insure  adequacy  of  both 
structures,  the  following  actions,  as  a minimum,  are  recossaended : 

a.  The  following  remedial  actions  should  be  initiated  within  three 
months  from  the  date  of  approval  of  this  report  and  completed  within  one 
year  thereof. 

(1)  Repair  the  stone  rip-rap  on  the  spillway  dam's  approach  and 
discharge  channels.  At  the  same  time  remove  the  brush  from  the  discharge 
channel . 

(2)  Repair  the  spillway  dam's  deteriorated  concrete  sidewalls  by 
strengthening  the  walls  and  anchoring  them  Into  the  firm  foundation 
rock  to  further  stabilise  the  structure. 

(3)  Install  a device  for  collecting  floating  objects  upstream  of 
the  spillway  dam  to  prevent  clogging  of  the  approach  and  discharge 
channels . 
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' (4)  Remove  the  large  rock  obstruction  at  the  downstream  end  of 

the  road  culvert  over  the  aplllvay  discharge  channel. 

(5)  Repair  the  deteriorated  concrete  vlngvalls  of  the  outlet  conduit 
for  the  Intake  dam. 

(b)  Rehabilitate  the  Intake  tower  valves  so  they  may  be  readily 
operated  by  one  man. 

(7)  Hake  an  underwater  Inspection  to  determine  the  cause  of 
Inhibited  gate  operation.  Clean,  lubricate,  and  repair  the  gates  and 
gate  tracks  as  necessary. 

b.  The  Cotters  Brook  dlvetsion  structures  should  either  be 
repaired  or  demolished  within  one  year  from  the  date  of  approval 
of  this  report. 

A copy  of  the  report  Is  being  furnished  to  Mr.  Dirk  C.  Hof man.  New 
Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congressman  Robert  A.  Roe  of  the 
Eighth  District.  Under  the  provisions  of  the  Freedom  of  Information 
Act,  the  inspection  report  will  be  subject  to  release  by  this  office, 
upon  request,  thirty  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  nay  be  obtained  from  the  National 
Technical  Information  Services  (NTIS),  Springfield,  Virginia,  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 

An  Important  aspect  of  the  Dam  Safety  Program  will  be  the  Implementation 
of  the  recommendations  made  as  a result  of  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  bv  the  State  co 
Implement  our  recoimendatlons . 


1 Incl 
As  stated 


Cy  fum: 

Mr.  Dirk  C.  Hof man,  P.E. 

Department  of  Environmental  Protection 


Sincerely  youra. 


jKmes  G.  TON 

Colonel,  Corps  of  Engineers 
District  Engineer 
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ECHO  LAKE  INTAKE 


SPILLWAY  DAM  (NJ00315  and  NJ00558 
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CORPS  OF  ENGINEERS  ASSESSMENT  OF  GENERAL  CONDITIONS 


This  dan  was  Inspected  on  various  dates  In  June,  1978  by  Langan  Engineering 
Associates,  Inc.,  under  contract  to  the  State  of  New  Jersey.  The  state, 
under  agreement  with  the  V.  S.  Armv  Engineer  District,  Philadelphia, 
had  this  inspection  performed  In  accordance  with  the  National  Dam  Inspection 
Act,  Public  Law  92-367. 

Echo  Lake  Intake  and  Spillway  Dams,  high  hazard  potential  structures,  are 
judged  to  be  in  fair  overall  condition.  Both  dams  are  considered  to  have 
sufficient  capacity  to  adequately  handle  the  Probable  Maximum  Flood (PMF). 

To  Insure  adequacy  of  both  structures,  the  following  actions,  as  a minimum, 
are  recommended: 

a.  The  following  remedial  actions  should  be  Initiated  within  three 
months  from  the  date  of  approval  of  this  report  and  completed  within  one 
year  thereof. 

(1)  Repair  the  atone  rip-rap  on  the  spillway  dam's  approach  and 
discharge  channels.  At  the  same  time  remove  the  brush  from  the  discharge 
channel . 

(2)  Repair  the  spillway  dam's  deteriorated  concrete  sidewalls  by 
strengthening  the  walls  and  anchoring  them  into  the  firm  foundation 
rock  to  further  stabilize  the  structure. 

(3)  Install  a device  for  collecting  floating  objects  upstream  of 
the  spillway  dam  to  prevent  clogging  of  the  approach  and  discharge 
channels . 

(4)  Remove  the  large  rock  obstruction  at  the  downstream  end  of 
the  road  culvert  over  the  spillway  discharge  channel. 

(5)  Repair  the  deteriorated  concrete  wingwalls  of  outlet  conduit 
for  the  Intake  dam. 

(6)  Rehabilitate  the  Intake  tower  valves  so  they  may  be  readily 
operated  by  one  man. 

(7)  Make  an  underwater  Inspection  to  determine  the  cause  of 
Inhibited  gate  operation.  Clean,  lubricate,  and  repair  the  gates  and 
gate  tracks  as  necessary. 
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b.  The  Cottars  Brook  dlvarslon  structures  should  slther  he 
repaired  or  demolished  within  one  year  froei  the  date  of  approval 
of  this  report. 


APPROVED: 


, IF.S  C.  TOH 
Colonel,  CoPjfe  of  Engli 
District  Engineer 


DATE : /, 
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PHASE  1 REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 


ECHO  LAKE  INTAKE  AND  SPILLWAY  DAMS 

Intake  Dam;  Fed  ID  No.  NJ00315 
Spillway  Dam;  Fed  ID  No.  NJ00558 

New  Jersey 
Passaic 
Macopin  River 
Passaic 

7,12,20  and  27  June,  1978 


ASSESSMENT  of  GENERAL  CONDITIONS 


Echo  Lake  Intake  and  Spillway  Dams  are  in  fair 
condition.  Our  recommended  remedial  measures  do  not 
question  original  design  assumptions.  They  are  mainly 
related  with  repair,  maintenance,  and  improvement  to 
decrease  risk  of  further  damage. 

The  Echo  Lake  spillway  sidewalls  and  discharge 
canal  rip-rap  must  be  repaired.  The  first  priority 
is  to  rebuild  the  side  walls  of  the  spillway  by  making 
them  stronger  and  anchoring  them  into  rock.  At  the 
same  time  the  upstream  and  discharge  canal  rip-rap 
should  be  repaired.  In  addition,  all  vegatal  growth 
should  be  permenantly  removed  from  the  discharge  canal. 
A device  for  collecting  floating  debris  should  be 
installed  as  soon  as  possible  upstream  of  the  spillway. 


Name  of  Dam: 

ID  Numbers: 

State  Located: 
County  Located: 
Stream: 

River  Basin: 

Date  of  Inspection: 


It  should  be  assumed  that  floating  debris  will  include 
row  boats  and  newly  uprooted  trees.  The  large  rock 
at  the  downstream  end  of  the  culvert  below  the  road 
should  be  removed.  The  wing  walls  of  the  outlet  culvert 
should  also  be  repaired.  The  control  valves  at  the 
dam  spillway  and  trash  rack  structures  are  in  well 
maintained  operating  condition.  However,  the  valves 
at  the  intake  tower  should  be  brought  up  to  an  operational 
efficiency  that  requires  only  one  man  to  operate  this 
station.  An  underwater  inspection  should  be  made  to 
determine  if  debris  or  buildup  in  the  gate  tracks  is 
binding  and  inhibiting  operation,  and  the  gate  tracks 
cleaned  and  lubricated.  The  stem  guides  should  have 
bronze  bushings  installed  and  the  stems  should  be 
lubricated.  Should  the  above  allow  for  one  man  valve 
operation  then  this  is  all  that  should  be  done  to  these 
occasionally  used  valves.  We  estimate  the  dam  can 
adequately  handle  the  PMP  and  there  will  be  approximately 
1 ft  of  freeboard  remaining. 
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SECTION  1 


PROJECT  INFORMATION 


1. 1 General 


Authority  to  perform  the  Phase  1 safety  inspection 
of  Echo  Lake  Intake  and  Spillway  Dams  was  received 
from  the  State  of  New  Jersey,  Department  of  Environmental 
Protection,  Division  of  Water  Resources  by  letter  dated 
26  May  1978.  This  Authority  was  given  pursuant  to 
the  National  Dam  Inspection  Act,  Public  Law  92-367. 

The  purpose  of  the  Phase  1 investigation  is  to 
develop  an  assessment  of  the  general  conditions  with 
respect  to  safety  of  Echo  Lake  Intake  and  Spillway 
Dams  and  appurtenances  based  upon  available  data  and 
visual  inspection,  and,  determine  any  need  for  emergency 
measures  and  conclude  if  additional  studies,  investigations 
and  analyses  are  necessary  and  warranted.  The  assessment 
is  made  using  screening  criteria  established  in  Recommended 
Guidelines  for  Safety  Inspection  of  Dams  prepared  by 
the  Department  of  Army,  Office  of  the  Chief  of  Engineers. 

It  is  not  the  purpose  of  the  inspection  to  imply  that 
a dam  meeting  or  failing  to  meet  the  screening  criteria, 
is  per  se,  certainly  adequate  or  inadequate. 


1. 2 Project  Description 

Echo  Lake  Dams  and  appurtenances  are  located  at 
the  south  end  of  Echo  Lake  in  the  Township  of  West 
Milford,  Passaic  County,  New  Jersey.  A regional  vicinity 
map  is  given  in  Fig.  1. 

The  structures  consist  of  two  earth  dams.  The 
spillway  dam  with  a free-fall  concrete  ogee  type 
spillway;  and  the  Intake  Dam  with  outlet  structures. 

Both  dams  have  discharge  channels.  The  Intake  Dam 
is  located  at  the  southwest  corner  of  the  Lake  at 
longitude  74°  24*  43"  and  latitude  41°  03’  00".  It 
consists  of  an  earth  dam,  intake  tower,  outlet  structure, 
and  discharge  channel.  The  Spillway  Dam  is  locatedo 
at  the  southeast  corner  of  the  Lake  at  longitude  74 
24'  25"  and  latitude  41°  03'  00".  It  consists  of  an 
earth  dam,  spillway  and  discharge  channel,  and  an 
unused  diversion  canal. 
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The  Intake  dam  in  370- ft  long,  12- ft  high  and 
han  a 12-ft-wide  crent  at  el  904.  The  intake  tower 
in  located  60  ft  upstream  of  the  dam  and  han  qates 
that  can  be  placed  at  different  elevationn  to  permit 
drawing  better  quality  water  from  selected  depths. 

The  intake  han  an  approach  channel  extending  1,870 
ft  into  the  lake  to  contour  el  870.  A reinforced 
concrete  conduit  passes  through  the  dam  from  the  intake 
tower  to  the  outlet  channel.  The  outlet  channel  in 
1,870  ft  long,  has  its  bottom  at  el  872  at  the  dam 
and  feeds  Char lotteburg  Reservoir.  A valve  and  trash 
rack  are  located  on  the  side  of  the  channel  to  divert 
the  water  to  the  reservoir. 

The  Spillway  dam  is  4S0-ft  long  and  15-ft  high. 

Its  crest  is  10-ft  wide  and  at  el  902.  The  spillway 
is  a 50-ft-long  concrete,  free-fall  ogee  type  spillway 
with  its  crest  at  el  893  or  nine  feet  below  the  dam 
crent  and  at  about  present  lake  level.  The  spillway 
allows  the  une  of  3- ft  flash  boards. 


In  1897  Cotters  Brook  was  diverted  into  Echo  hake. 

Thin  diversion  has  been  closed  at  the  entrance  of  the 
diversion  canal  and  in  no  longer  used. 

The  intake  structure,  spillway,  and  embankments 
were  built  in  1976  together  with  the  outlet  canal  that 
feeds  Char lotteburg  Reservoir.  Under  present  conditions 
the  need  to  feed  Char lotteburg  Reserve! t is  only  oc- 
casional. Two  or  three  times  a year,  r*  to  10  million 
qallons  a day  are  drawn  from  Echo  hake  by  means  of 
manually  operated  valves  in  the  intake  structure. 

The  Echo  hake  Dams  are  classified  ns  being  "Intermediate" 
on  the  basis  of  its  reservoir  storage  volume,  which 
is  more  than  1,000-acre  feet,  but  less  than  ^0, 000- 
acre  feet.  They  are  classified  ns  "Small"  on  the  basis 
of  total  height,  which  is  less  than  40  feet.  The  overall 
size  classification  is  the  larger  of  these  two  determinations, 
and  accordingly  the  damn  are  classified  as  "Intermediate" 
in  size. 

In  the  National  Inventory  ot  Dams,  the  Echo  hake 
Hams  have  been  classified  an  having  "High  Hazard  Potential" 
on  the  basis  that  failure  of  either  dam  would  cause 
excessive  property  damage  to  residences  downstream. 
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and  could  potentially  cause  more  than  a few  deaths. 
Visual  inspection  of  the  downstream  shows  that  breach 
of  either  of  the  dams  would  cause  damage  to  residences 
and  be  hazardous  to  people  using  Echo  Lake  Road  and 
Route  23.  Accordingly,  it  is  proposed  not  to  change 
the  Hazard  Classification  Potential. 

The  dams  and  reservoir  are  owned  by  the  City  of 
Newark,  Newark  Water  Department,  City  Hall,  920  Broad 
Street,  Newark,  New  Jersey,  07102. 

The  purpose  of  the  dams  is  to  provide  emergency 
water  supply  when  the  level  of  Char lotteburg  Reservoir 
becomes  too  low. 

1 . 3 Pertinent  Data 

Echo  Lake  is  oriented  north-south  and  has  an  area 
of  282  acres.  Its  maximum  length  is  8,000  ft.  With 
Cotters  Brook  diversion  closed  the  drainage  area  is 
2.73  sq  mi.  The  full  storage  capacity  is  1,583  million 
gallons  or  4,870  acre-ft  between  el  893  and  el  872. 

The  storage  capacity  increase  is  approximately  300 
acre-ft  per  foot  of  height  above  spillway  crest. 
Essential  project  features  are  given  in  Fig.  2. 

Spillway  Dam  - The  spillway  dam  has  a weired 
spillway  with  an  ogee  shape.  Vertical  steel  bars  have 
been  provided  for  flash  boards.  The  total  spillway 
length  is  50  ft  and  was  designed  for  a flood  of  1560 
cfs  with  water  level  4 ft  above  the  crest. 

The  maximum  known  flood  occurred  in  1903  prior 
to  construction  of  existing  dams.  The  water  level 
was  raised  from  el  892  (normal  water  level  at.  the  time) 
to  el  898  or  4 ft  below  the  present  dam  elevation. 
Normal  pool  elevation  corresponds  to  the  elevation 
of  the  crest  of  the  spillway  at  el  893  and  tailwater 
at  the  spillway  is  at  el  882.  The  crest  of  the  em- 
bankment on  each  side  of  the  spillway  is  at  el  902. 

On  the  right  abutment  of  the  spillway  is  a valve 
with  a 16  in.  by  24  in.  outlet  opening.  Access  to 
this  valve  is  through  a pit  located  at  the  top  of  the 
right  spillway  side  wall. 
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There  is  no  stilling  basin  downstream  of  the 
spillway  and  dissipation  of  energy  is  provided  by 
boulders  in  the  river  bed.  The  flood  delivered  by 
the  spillway  passes  through  an  underpass  below  the 
road.  The  foundation  and  river  bed  are  sound  rock. 

The  spillway  embankment  is  a homogeneous  earth 
dam  founded  on  dense  sand  and  gravel  with  a cut  off 
trench  to  bedrock.  Its  height  is  15  ft  from  crest 
to  toe  near  the  spillway  side  walls.  The  approximate 
total  length  at  crest  level  is  450  ft.  The  top  width 
is  10  ft  and  side  slopes  are  2.5  hor  to  1 vert  with 
upstream  stone  paving. 

Intake  Dam  - The  outlet  structures  of  the  Intake 
dam,  from  upstream  to  downstream,  comprised  a trash 
rack;  front  gates  opening  inside  the  intake  tower  and 
set  at  different  levels;  and  2 gates  for  closure  of 
each  of  the  two  conduits.  The  gates  can  be  operated 
to  withdraw  water  from  selected  elevations.  Access 
to  the  gate  house  (floor  at  el  900)  is  from  stairs 
starting  from  the  embankment  crest  and  an  access  bridge. 

The  intake  tower  is  approximately  60  ft  from  the  centerline 
of  the  embankment.  The  concrete  conduits  as  seen  from 
the  downstream  outlet  consists  of  two  rectangular 
conduits  having  a total  cross-sectional  aiea  of  100 
sq  ft.  The  length  of  the  culvert  is  approximately 
120  ft.  An  intake  channel  upstream  of  the  intake  tower 
has  been  excavated  for  a length  of  1870  ft  to  a bottom 
elevation  of  870.  The  bottom  of  the  outlet  channel 
is  at  elevation  872. 

- The  outlet  channel  was  designed  to  carry  93  ft 
/sec.  and  can  be  used  to  lower  the  lake  water  level. 

The  earth  embankment  of  the  Intake  Dam  is  about 
370-ft  long  and  is  founded  on  bedrock.  It  has  a crest 
width  of  12  ft.  at  el  904.  The  embankment  is  32-ft 
high  between  crest  and  bottom  of  the  reinforced  con- 
crete outlet  channel  which  is  approximately  10  ft  below 
natural  ground.  The  embankment  was  designed  as  a homogeneous 
dam  with  a cut  off  trench.  Side  slopes  are  2 hor  to 
1 vert  on  the  downstream  face;  1.5  hor  to  1 vert  at 
the  upper  part  of  the  upstream  face  and  2.5  hor  to 
1 vert  below  with  paved  rip-rap  protection. 


E4 


r 


SECTION  2 ENGINEERING  DATA 

Design  of  the  existing  structures  were  made  mainly 
in  1896  and  in  1926.  As  mentioned  in  the  description, 
the  diversion  of  Cotters  Brook  designed  in  1896,  is 
no  longer  used.  This  diversion  dam  has  a very  small 
storage  capacity  (less  than  2 acres  feet).  The  1926 
Construction  drawings  of  Echo  Lake  are  available  with 
monthly  construction  progress  reports.  Descriptions 
of  the  main  lines  of  the  1926  scheme  is  outlined  in 
a "Report  of  Hydraulic  Engineers"  dated  March  14,  1926 
and  addressed  to  James  W.  Costello.  A copy  of  this 
report  is  included  in  Appendix  3 together  with  abstracts 
of  the  construction  specifications.  From  the  available 
documents  we  have  determined  the  design  and  construction 
practice  to  be  adequate  with  respect  to  present  day 
practice. 

The  lake  is  used  for  emergency  water  supply. 

Under  these  conditions,  normal  pool  elevation  is  the 
spillway  crest  level. 

The  maximum  flood  to  pass  over  the  spillway  was 
estimated  at  a time  when  the  catchment  area  was  4.35 
sq  mi.  However,  the  catchment  area  is  now  reduced 
to  2.73  sq  mi. 

The  normal  upstream  water  level  was  designed  to 
be  occasionally  increased  by  using  3-ft-high  flashboards. 
There  is  now  a large  freeboard,  9 ft,  above  spillway 
crest  which,  without  freeboards  and  assuming  the  necessary 
repair  work  is  performed,  will  provide  additional  safety 
in  a design  which  by  itself  appears  sound. 

2. 1 Regional  Geology 

Echo  Lake  Dams  are  located  in  the  New  Jersey 
Highlands  physiographic  province.  The  New  Jersey 
Highlands  extend  across  the  state  in  a northeast  south- 
west direction  from  the  border  of  New  York  to  the 
Delaware  River  and  includes  the  northwest  portions 
of  Hunterdon,  Passaic,  and  Morris  Counties  and  the 
southeastern  parts  of  Warren  and  Sussex  Counties. 

This  province  is  part  of  the  New  England  Physiographic 
Province  and  lies  between  the  Appalacian  Ridge  and 
Valley  Province  to  the  northwest  and  the  Piedmont 
Province  to  the  southeast.  See  Fig  3. 
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The  Highlands  are  characterized  by  rounded  and 
flat-topped  nor theastsouthwest  ridges  and  mountainas 
up  to  1,400  ft  high  separated  by  narrow  valleys. 

The  orientation  of  the  valleys  are  usually,  but  not 
always  controlled  by  the  underlying  geologic  structure. 

The  regional  geologic  structure  reflects  the  very 
old  age  of  bedrock.  A number  of  regional  faults  cross 
the  area  in  a northeast  southwest  direction,  including 
the  Ramapo  Fault;  the  more  than  30  mile  long  fault 
scarp  forms  the  eastern  border  of  the  province.  Faults 
control  many  of  the  river  valley  orientations.  The 
relatively  uniform  slope  of  the  mountain  elevations, 
from  northwest  to  southeast,  is  a direct  result  of 
the  faulting.  The  entire  area  is  part  of  the  now 
dissected  Schooley  Peneplain. 

The  Pleistocene  Age  Wisconsin  glacier  covered 
all  of  the  dam  site  area. 

The  glacier  stripped  most  of  the  existing  over- 
burden and  weathered  rock  and  uncovered  the  numerous 
hard  bedrock  knobs  and  ridges  seen  throughout  the 
province.  Most  of  the  side-slopes  in- the  area  are 
covered  with  heavy  boulder  tills  (ground  moraine) , 
whereas  glacial  outwash  and  recent  alluvium  cover  the 
valleys. 


2.2  Site  Geology 

Echo  Lake  Dam  is  located  in  the  north-central 
portion  of  the  Highlands  Province,  at  the  eastern  foot 
of  Kanouse  Mountain.  The  reservoir  lies  in  a long 
northeast-southwest  valley  which  is  a product  of  the 
underlying  geologic  structure. 

The  lake  basin  was  formed  by  the  obstruction  of 
a river  valley  by  means  of  glacial  drift.  The  drift 
at  the  south  or  outlet  end  of  the  lake  takes  the  form 
of  a hardpan  overlaying  bedrock.  Test  borings  show 
bedrock  to  be  seven  to  thirty  feet,  below  the  ground 
surface  except  near  the  center  of  the  valley  where 
a driven  well  disclosed  rock  at  a depth  of  120  feet. 
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Bedrock  throughout  the  area  appears  to  be  relatively 
shallow  in  the  valley,  and  at  or  near  the  surface  the 
adjacent  side  slopes.  The  predominent  rock  type  is 
a light  to  heavily  banded,  excellent  quality  granite 
gneiss.  However,  the  borings  taken  as  part  of  the 
original  investigation  in  the  1920's,  describe  the 
rock  at  the  overburden-bedrock  contact  as  "seamy  rock" 
which  we  interpret  to  mean  fractured  and  weathered. 

One  boring  in  the  embankment  section  describes  the 
bedrock  at  that  location  as  "decayed  pegmatite". 

Overlying  the  bedrock  is  glacial  till  (ground 
moraine),  sand  and  gravel  glacial  outwash,  recent 
alluvium  composed  primarily  of  sand  and  gravel  and, 
in  the  spillway  section,  a "loam  and  clay".  The  latter 
may  include  lacusterine  materials  deposited  in  a lake 
as  the  glacier  retreated. 


SECTION  3 VISUAL  INSPECTION 

The  site  visit  inspections  included  the  Echo  Lake 
embankments,  spillway  and  outlet  structures,  control 
valves  and  gates,  and  Cotters  Brook  diversion. 


Echo  Lake  Spillway  and  Dam 

The  concrete  spillway  is  in  serviceable  condition. 
However,  the  side  walls  are  broken  at  the  upstream 
toe  due  to  earth  and  riprap  thrust.  As  a consequence, 
the  rip-rap  in  this  area  has  suffered  local  slides. 

A minor  seepage  has  been  observed  at  the  toe  of  the 
right  abutment  side  wall. 

The  embankment  does  not  show  signs  of  movement 
and  is  in  good  condition.  Minor  sloughing  of  the  rip- 
rap has  occurred  in  the  spillway  discharge  channel. 

The  culvert  of  the  discharge  channel  of  the  spillway 
below  the  road  is  partially  obstructed  with  a boulder. 
It  is  reported  that  this  underpass  has  been  partially 
obstructed  by  driftwoods  during  the  1903  flood.  This 
occured  prior  to  construction  of  the  present  dam. 
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Echo  Lake  Outlet  Structures  and  Dam 

The  outlet  structures  are  generally  in  good  con- 
dition. A water  level  staff  gage  is  located  at  the 
intake  tower  and  water  levels  are  recorded  daily. 

Some  trace  of  moisture  appears  at  a construction 
joint  on  the  left  side  of  the  intake  discharge  culvert 
about  two  feet  above  downstream  water  level.  Minor 
seepage  was  observed  outside  the  culvert  along  the 
left  wall.  The  downstream  wing  walls  of  the  culvert 
have  failed. 

No  evidence  of  landslides  within  the  reservoir 
were  observed.  However,  the  presence  of  the  forest 
may  result  in  problems  with  floating  debris  during 
floods. 

Control  Valves 

The  right  side  of  the  spillway  has  a Rodney  Hunt 
control  valve  which  at  one  time  was  used  to  supply 
make-up  from  Echo  Lake  to  Macopin.  However,  this  valve 
has  not  had  functional  use  since  1960.  Since  then 
all  Newark  water  supply  has  been  treated  at  Char lotteburg 
and  not  Macopin.  The  Rodney  Hunt  valve.  Shop  No.  303, 
is  functional  however,  and  has  been  maintained. 

The  intake  tower  for  make-up  runoff  to  Char lotteburg 
Reservoir  has  three  Rodney  Hunt  control  valves.  Two 
are  Type  2504,  Shop  Nos.  320  & 321,  with  single  ratio 
floor  stand  crank  operators.  The  third  is  a Type  2512, 
Shop  No.  317,  with  two  gear  ratio  floor  stand  crank 
operators.  The  valves  are  operated  only  a couple  of 
times  each  year  and  operate  with  great  difficulty 
requiring  three  men  to  start  the  gates  moving  in  their 
tracks. 

The  rear  wall  of  the  intake  structure  has  a pulley 
and  gear  arrangement  which  was  originally  designed 
to  facilitate  the  lowering  of  auxilliary  gates  for 
servicing  the  valve  plate,  track,  and  stem  assemblies. 
Indications  are  that  this  arrangement  has  not  been 
used. 
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There  is  a Rodney  Hunt  control  valve  at  the  trash 
rack  intake  structure  for  diversion  of  make-up  water 
from  Echo  Lake  to  Char lotteburg  Reservoir  or  emergency 
runoff  to  Macopin.  The  valve  and  trash  rack  structure 
are  in  well  maintained  condition. 


Cotters  Brook 

The  Cotters  Brook  diversion  structures  are  in 
a poor  state  of  maintenance.  The  spillway  is  founded 
on  the  rock  and  is  constructed  of  large  masonry  stone 
without  mortar  or  the  mortar  has  been  washed  away. 

A flow  estimated  at  300  gpm  was  passing  through  the 
stones  while  100  gpm  was  spilling  over  the  crest. 

The  diversion  inlet  is  closed  by  wood  stoplogs  and 
backfilled  upstream  with  earth.  Leakage  through  the 
stoplogs  is  small.  The  wood  of  the  stoplogs  is  still 
in  good  condition.  The  closure  level  of  the  intake 
is  approximately  six  inches  above  water  level.  The 
canal  downstream  of  the  intake  is  covered  by  vegetation 
and  is  in  a poor  state  of  maintenance. 

Evaluation 

With  the  exception  of  Cotters  Brook  diversion 
and  the  spillway  and  culvert  walls  the  essential  struc- 
tures are  generally  in  good  condition.  Repairs  must 
be  made  to  the  spillway  and  culvert  walls.  No  traces 
or  significant  seepage  were  observed.  The  control 
valves  at  the  intake  should  be  improved  so  that  only 
one  operator  is  required. 


SECTION  4 OPERATIONAL  PROCEDURE 

A daily  visit  of  the  intake  is  made  to  record 
lake  water  levels.  There  are  no  automatic  recording 
or  warning  system  to  record  any  sudden  raise  of  water 
level. 

Maintenance  of  the  structures  and  operating  facil- 
ities are  made  when  necessary.  There  are  no  periodic 
inspections  or  instrumentation. 


SECTION  5 HYDRAULIC/HYDROLOGY 

The  hydraulic/hydrologic  evaluation  is  based  on 
a spillway  design  flood  (SDF)  equal  to  the  full  probable 
maximum  flood  (PMF)  in  accordance  with  the  evaluation 
guidelines  for  dams  classified  as  high  hazard  and 
intermediate  in  size.  Available  records  indicate  that 
the  spillway  and  dam  are  designed  on  the  basis  of  a 
flood  flow  significantly  less  than  the  PMF. 

The  PMF  has  been  determined  by  developing  a synthetic 
hydrograph  based  on  the  maximum  probable  precipitation 
of  22.5  inches  (200  square  mile  - 24  hour).  Hydrologic 
computations  are  given  in  Appendix  4.  The  PMF  determined 
for  the  subject  watershed  is  11920  cfs. 

The  crest  elevation  of  the  dam  is  such  that  the 
dam  can  store  water  to  height  9 ft  above  the  crest 
of  the  spillway.  With  9 ft  of  head  the  capacity  of 
the  spillway  is  approximately  5016  cfs  which  is  less 
than  the  SDF. 

The  PMF  was  routed  through  the  dam  and  spillway 
and  it  was  found  the  dam  would  not  overtop  and  there 
would  be  approximately  1 ft  of  free  board  remaining. 

Based  on  the  routing  it  can  be  concluded  that  Echo 
Lake  Dam  does  not  have  an  overtopping  potential. 

Drawdown  calculations  indicate  that  it  would  take 
approximately  6 days  to  lower  the  lake  level  by  9 ft 
and  approximately  14  days  to  empty  the  lake. 


SECTION  6 STRUCTURAL  STABILITY 

The  stability  of  the  Echo  Lake  structures  as 
determined  by  visual  observation  and  examination  of 
available  records  is  satisfactory.  The  operating  con- 
ditions with  respect  to  water  level  are  less  than 
project  design  conditions. 

The  diversion  dam  at  Cotters  Brook  is  satisfactory 
with  respect  to  overall  stability  but  requires  repair 
and  maintenance  work.  It  should  be  noted  that  these 
structures  have  withstood  the  adverse  conditions  that 
have  occured  over  the  last  80  years  and  it  is  unlikely 
they  will  continue  to  do  so  much  longer. 
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Echo  Lake  Dams  are  located  in  Seismic  Zone  1 of 
the  Seismic  Zone  Map  of  Contiguous  States.  The  degree 
of  stability  of  the  dam  and  appurtenances  are  assumed 
to  be  within  conventional  safety  margins  and  to  present 
no  hazard  from  earthquakes.  If,  however,  the  Seismic 
Zone  rating  is  seriously  increased  in  the  future,  or 
data  becomes  available  to  indicate  it  may  be  increased, 
further  study  with  respect  to  seismic  stability  may 
be  necessary. 


SECTION  7 ASSESSMENT,  RECOMMENDATION/REMEDIAL  MEASURES 
7 . 1 Assessment 

Echo  Lake  Intake  and  Spillway  Dams  and  appurtenances 
are  in  fair  condition. 

The  remedial  measures  do  not  question  original 
design  assumptions.  They  are  mainly  related  with 
repair,  maintenance,  and  improvement  to  decrease  risk 
of  further  damage. 


7 . 2 Recommendations/Remedial  Measures 

We  recommend  the  following  remedial  measures: 

1.  The  Echo  Lake  Spillway  sidewalls  must  be  repaired. 
The  first  priority  is  to  rebuild  the  side  walls 

of  the  spillway  by  making  them  stronger  and  anchored 
them  into  rock.  At  the  same  time  the  rip-rap 
should  be  repaired.  This  should  be  done  very 
soon. 

2.  A device  for  collecting  floating  debris  should 
be  installed  as  soon  as  possible  upstream  of  the 
spillway.  It  should  be  assumed  that  floating 
debris  will  include  row  boats  and  newly  uprooted 
trees.  The  large  rock  at  the  upstream  side  of 
the  culvert  below  the  road  should  be  removed. 

This  should  be  done  soon. 

3.  The  wing  walls  of  the  outlet  culvert  at  the  Intake 
Dam  should  be  repaired.  This  should  be  done  very 
soon. 
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The  control  valves  at  the  dam  spillway  and  trash 
rack  structures  are  in  well  maintained  operating 
condition.  However,  the  valves  at  the  intake 


tower  should  be  brought  up  to  an  operational 
efficiency  that  requires  only  one  man  to  operate 
this  station.  This  should  be  done  in  the  future. 


5.  An  underwater  inspection  should  be  made  to  determine 
if  debris  or  buildup  in  the  gate  tracks  is  binding 
and  inhibiting  operation,  and  the  gate  tracks 
cleaned  and  lubricated.  The  stem  guides  should 
have  bronze  bushings  installed  and  the  stems 
should  be  lubricated.  Should  the  above  allow 
for  one  man  valve  operation  then  this  is  all  that 
should  be  done  to  these  occasionally  used  valves. 

This  should  be  done  in  the  future. 


6.  Do  not  keep  the  Cotters  Brook  diversion  structures 
in  their  present  state.  If  the  diversion  is  not 
to  be  used,  we  recommended  demolishing  it  entirely. 
This  should  be  done  soon. 
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APPENDIX  1 
CHECK  LIST 
VISUAL  INSPECTION 

ECHO  LAKE  DAMS 


ECHO  LAKE 


EMBANKMENT 


STAFF  CAGE  ANT)  RECORDER 


OUTIET  WORKS 


EMERGENCY  GATE 


UNGATED  SPILLWAY 


flashboard  pins. 


INSTRUMENTATION 


ECHO  LAKE 


DOWNSTREAM  CHANNEL 


ECHO  LAKE  DAMS 


ECHO  LAKE  DAMS 


APPENDIX  2 
PHOTOGRAPHS 


ECHO  LAKE  DAMS 


20  Juno  1978 


Ricjht  side-wall  of 
spil Iway . 


20  Juno  1978 


l.ow  level  outlet  at 
wa 11  of  spill  way . 


Spillway  discharge  canal  20  June  1978 

looking  upstream. 


Culverts  below  road  and  Route  23 
along  spillway  discharge  canal  looking 
downstream.  Note  boulder  at  end  of  culvert 
below  road. 

ECHO  LAKE  DAM 
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Upstream  rip  rap  at  right  20  June  1978 

embankment.  Looking  west  from 
intake  structure. 


ECHO  LAKE  PAM 


20  June  1978 


Upstream  riprap  at  right 
embankment  looking  west  from 
spi 1 lway . 
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Control  valve  at  right  side  20  June  1978 

of  spillway. 


ECHO  LAKE  DAM 


One  of  three  Rodney  Hunt  manually  20  June  1978 
operated  control  valves  at  intake  structure. 
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Right  wing  wall  of  intake  20  June  1978 

structure  discharge  tunnel. 


Left  wing  wall  of  intake  20  June  1978 

structure  discharge  tunnel. 
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ECHO  LAKE  DAM 


APPENDIX  3 


ENGINEERING  AND  CONSTRUCTION  DATA 


ECHO  LAKE  DAMS 


Report  of  Hydraulic  Engineer 
Echo  Lake  Innrovement 
Dlvlelon  of  Water 


m-  Mam-h  192.6 


V_r.  James  W.  Costello,  Chief  Engineer, 
Department  of  Public  Affaire, 

Newark,  N.J. 


Dear  81r: 


Herewith  ie  submitted  a report  of  the  development  of 
Echo  Lake  to  secure  additional  water  supply  from  the  Penuannock 
watershed. 

i 

An  hydraulic  engineer  experienced  in  the  design  and  con- 
struction of  earth  dams  was  employed  and  the  work  of  investiga- 
tion, design  and  preparation  of  plane  looking,  to  the  improve- 
ment and  increased  supply  of  water  from  Ecno  Luke,  actively  taken 
up  on  April  1,  1325. 

Specifications  for  test  borings  were  prepared  at  once  find 
bids  eecured  from  four  firms  as  folbwa: 


Bidder 

Price 

Price  per 

Number 

Type 

Core 

per  foot 

day 

uni  ts 

d 1 am . 

1 unit 

eouiument 

Phillips  4 Worth- 

1  1/4-  to 

ington,  New  York 

$4.00 

$40.00 

2 

Shot 

1 2/4" 

WatBon  0.  Clark, 
New  York 

5. 25 

52.00* 

2 

Shot 

2" 

Osborne  Drilling 

. 

35/16" 

Corp.,  New  York 

o . 00 

35.09* 

2 

Diamond 

Giles  Drilling  Co. 
Inc.,  New  York 

7.00 

41.00 

Diamond 

7/8" 

•$45.00  per  day  without  superintendent 
*Plus  $90.09  per  karat  of  diamond  Iobb 

The  contract  was  awarded  to  Phillips  4 Worthington  of  New 
York  on  April  1c,  1125.  Wcrk  began  on  April  22  and  was  com- 
pleted August  5,  1925.  Under  tr.ir  contract  51  ocrlngs  were 
made  on  a damsite  near  the  existing  outlet  and  along  the  diversion 
anc  outlet  channels  and  on  two  dams!  tes  at  the  south  west  ccrr.er 
of  t..e  lake-  A total  cf  1272. 14  lineal  feet  of  urilling  was 
cone  as  follows:  42  boles  on  land  amounting  to  1125.04  feet  at 
.4.00  o:r  foot,  costing  $4554.55  arid  five  h~.ep  amounting  to 


140.50  lineal  feet  In  the  Trike  bottom,  made  from  a.  floiit,  m; 
tbs  per  day  price  of  $40.0'_),  or  per  foot,  cni.ll!:’;  » 

n tuial  of  $u254.5G.  Teat  t/i ’.a  were  dog  on  the  site  o',  uor  n.< 
pits  and  mechanical  analyoj’3  made  of  the  nf.torlalo  to  determine 
their  suitability  for  une  in  earth  dum  conotrcc tion. 

Surveys  were  begun  April  14  rlth  a non-eng? neerl r.:»  aor.icj.- 
ant  and  two  laborers*  The  ar>oi«  + «-'»t  ran  replaced  by  an  e:.  ;i:  c r- 
lng  graduate  on  1'ay  13.  Three  temporary  noflictanto  wore  e.  loy- 
ed  during  a part  of  Juno,  July  end  Au.  Ubt.  A eecond  engii.,...  ring 
assistant,  capable  of  doing  drafting,  v.ae  added  to  t:.e  force 
on  Dec . L5. 

Topographic  surveys  covering  50  acres  were  nude  cf  the  area 
that  rill  be  effected  by  construction  operations  at  the  foot  of 
the  lake,  and  a curvey  of  t.:c  prcpoccd  new  7,500  foot  outlet 
channel.  A survety  was  also  made  of  the  liacopin  Branch  Railroad 
leading  from  the  main  llr.oiof  the  Dev  York,  Sucoue..onna  A Meatern 
(Erie)  Railroad  to  Echo  La^e,  lenvtn  of  curvey  1.64  uilra. 

Tne  major  field  operation  ns  toe  determination  of  ti.e  area  and 
volume  of  tne  lake.  A ttiangulatio  survey  of  tne  lake  raa 
made  and  with  this  as  a bade,  soundings  below  and  elevutione 
above  the  rater  surface  rre  ootarmined  along  tne  entire  lake  chore 
a distance  of  5.6  miles.  The  soundings  were  supplemented  by  work 
don<:  by  V.p.  Eanknln  1532.  The  area  covere.  by  rule  survey  ie  540 
acres*  In  addition,  1*5  miles  of  location  lines  were  run  li.  Ham- 
mock  e '7B mp.  From  the  map  based  on  t.iie  survey  were  determined  tne 
area  and  capacity  cf  tne  lake  at  tro  foot  intervale  from  the  bottom 
to  elevation  856  of  four  l'e  t above  t.ie  present  full  la^e  i urfaco 
and  from  tne  volumep  and  arena  were  obtained  tne  amount  of  storage 
and  t.ie  a-mount  availaole  for  use.  Afmnso  curve  or  diagram  was 
made  shoring  tne  total  amount  of  rater  in  a million  gillons  that 
has  run  off  the  ccnoined  drainage  areae  of  Echo  take  and  lte 
tributary.  Cotter*  e Brook,  in  the  past  3o  yeare.  From  tnese 
data  rero  determined  the  proportlrnB  of  tne  damn,  spillway,  outlet 
works  and  channels.  The  above  mentioned  field  work  and  the  plotting 
of  mapa  was  continuous  throughout  the  Summer  and  Full.  All  field 
work  and  maps  were  completed  early  in  December. 

In  addition  to  the  above,  several  reports  and  estimates  of 
cost  wore  made  during  the  su.-...er.  Tentative  depi:  .ns  and 
complete  estimates  were  made  of  five  projects  including  seven 
dams.  The  first  of  these  estimates  was  prepared  during  August 
and  submitted  August  31st.  Other  estimates  were  laver  reoueoted 
p.nd  submitted  on  October  13th.  On  that  date  one  of  tne 
projects  ras  accepted  and  directions  given  to  proceed  with  the 
final  d sign  and  plans. 

The  surveys  and  studies  for  Increasing  tne  storage  in  Echo 
take  were  begun  with  a view  to  raising  tne  lake  surface  accut 
eight  feet  or  to  a height  that  the  yielu  of  tne  watershed  r.;cred 
to  oe  economical.  It  was  re  .Used  at  tne  beginning  of  t..e 
investigation  tr.at  t would  be  very  undesirable  to  flccd  t.ie 
great  6war.p  at  tne  uead  o^ti;.“  lake , da.i.mock  Swamp,  anc  tnur 
produce  a large  shallow  are^’„*to  evaoor&tion  ar.c  aouatic  t _.owt..r 
and  at  t..e  s^  .e  time  ir.cre  re  instca*  cf  riair.irh  the  coicr 
a ■ it*,  micrcpcouic  o . r.rii c»..e - 
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The  batin  cf  the  lake  hao  steep,  rocky  underwater  choree 
and  a maximum  depth  of  over  thirty  feet.  liore  tnari  Gby  of  its 
area  has  a depth  of  twenty  feet  with  80^  of  its  volume  above  t: t 
twenty  foot  depth.  At  an  early  etage  of  tne  investigation 
effort  wac  directed  toward  finding  a eclution  of  the  problem  by 
drawing  from  the  present  elevation  ratner  tr.an  by  railing  it,  and 
thus  secure  the  ir.creaeed  supply  from  tr.e  existing  clean  end  deep 
reservoir. 


EcboLnke  and  the  Pequannock  raterehed  lie  within  t:.e  glaciated 
area  of  northern  New  Jercey.  Tne  leke  baeln  was  formed  by  tne 
obstruction  of  a rive”  valley  by  means  of  glacifcl  drift.  Tne 

drift  at  tne  south  or  outlet  end  of  the  lake  takes  the  form  of  a 
hard pan  overlaying  bedrock.  Test  borings  ehor  bedrock  to  be 
at  no  great  distance,  Geven  to  thirty  feet,  below  the  ground  eur- 
face  except  near  the  center  of  the  valley  where  a driven  well 
di8clOBes  rock  at  a depth  of  120  feet.  The  valley  is  2,000 
feet  wide  in  the  vicinity  of  the  eouth  end  of  the  lake.  Tne 
lake  hae  two. outlets , tnat  in  the  south  west  coiner,  perhaps 
the  original  outlet,  being  non  obstructed  oy  the  embankment  cf  the 
llaccpin  Branch  Railroad.  Tne  westerly  outlet,  aocut  7,500  feet 
long,  enters  the  Peouannock  just  belcn  the  New  York,  Supouer.ar.na 
A Western  Railroad  bridge  and  above  the  iiaeppir.  Intake.  Tne 
easterly  outlet  enters  the  channel  of  Cotter's  Brook  and  reaches 
the  river  at  the  haed  cf  the  1’acopin  Intake  pond,  a distance  of 
about  10,500  feet  from  the  lake.  The  regulated  elevation  of  t.  e 
lnke,  weir  crast,  is  892  feet  above  the  near,  sea  level. 

Tho  drawdown  permitted  by  the  outlet  channel  is  5.0  feet  nr.d  the 
available  storage  425  million  rail  nr.  The  ratersheo  of  Echo  Lake 
including  water  surface,  nas  an  area  of  2.41  souare  miles. 

Cotter's  Brook  watershed  has  an  area  of  1.94  snuare  miles. 

JS  . y • 

The  borings  disclosed  the  fact  that  the  easterly  or  precent 
outlet  channel  was  excavated  nearly  to  bedrock,  and  that 
deepening  would  require  extensive  rock  excavation,  while  a channel 
at  the  westerly  outlet  would  be  in  earth  with  a minimum  o-  roex 
to  be  removed.  The  project  accepted  and  nor  being  worked  out  ir. 
detail,  calls  for  a 50  foot  concrete  spillway  at  tne  present 
easterly  outlet  with  Its  creEt“elf~ya tion  at  893  or  ons  foot  above 
the  prrsent  lake  elevation.  Tne  sol  lawny  dam  will  be  an  earth 
structure  wit.,  its  erect  at  elevation  S02,  or  nine  feet  above  the 
spillway  crest,  allowing  t;.e  upe  of  three  feet  of  flash  boards 
ana  a flood  depth  of  two  feet.  A portion  c;  the  Cotter's  Brook 
diversion  channel  will  be  paved  to  prevent  seepage  lenses  and  a 
larger  culvert  built  to  peer  higher  flows  into  tne  lake. 

The  outlet  channel,  dam  and  control  works  will  be  located  at 
the  south  west  corner  of  the  lake.  The  bottom  of  the  outlet 
‘channel  at  the  dam  will  be  at  elevation  872  and  have  a length  of 
1,870  feet.  Tue  .ircharge  rill  be  ir.tc  an  existing  stream. 

A portion  of  tr.iE  stream  is  locate  on  railroad  property  and 
rill  be  improved  t:  protect  the  fills  from  ercslcn  by  at  he  ir.cre;  sed 
SuoCunt  of  rater  carried.  The  tot  to::,  of  the  approach  channel 
rill  be  level  and  extend  1,670  feet  into  the  lake  to  ccr.tcur 
870.  Tne  outlet  dam  rill  be  an  earth  structure  with  its  cre.t  at 


-4- 


tlevLtlon  904  and  ha/ing  u height  o i Z2  feet  above  t.'.e  outlet 
c. annul.  A rein.orced  concrete  conuult  v?lil  carry  tne  water 
through  the  d-m.  tfaterwill  ent^r  v|U.c  ccndjlt  tnro Jgn  an  In- 
take tower  In  whlcn  the  gates  - 111  o:  plac'd  at  different  cl- 
evutione,  permitting  drawing  ut  -hntevci  depth  elamm  tlon  und 
analyble  shows  the  water  to  be  of  better  ouality.  Tne  we  ter 
elopes  of  the  dma  rill  be  paved  uni  their  tope  and  dovnBtrenm 
slopes  grassed.  Service  roads  will  be  provided  at  both  of  the 
dans.  The  excavation  for  and  construction  of  the  outlet  dam, 
conduit,  Intake  torer  nr. 1 r eajor  portion  of  the  outlet  channel 
rill  be  done  behind  a coffer-dam  built  acrosc  the  cove  In  the 
south  reel  corner  of  the  lake.  Thle  rill  be  n pile  and  timber 
rtructure  supporting  a single  line  of  steel  sheet  piling.  After 
ccc.pletlor.  of  .he  daw  and  other  structures,  the  steel  theet  piling 
dam  rill  be  retained  as  <,  b.-.rrler  to  hold  back  drifting  ice  and 
debrie  from  t a**  approach  channel  an-  intake  toner. 

In  addition  to  less  cost  o*'  construction  attained  by  lacing 
the  outlet  structures  anu  channel  at  tne  south  rest  corner  of 
tim  lake,  thereby  avoiding  excessive  rod:  excavation,  another 
advantage  it  gained  by  bulng  able  to  discharge  large  flows  iron 
£cnO  Lake  Into  the  upper  end  of  a future  recervoir  at  Charlotte- 
burg  and  thence  Into  a new  conduit  leaving  to  t..e  City.  Still 
another  auvantage  ie  tr»nt  the  entrance  O'  Cotter’s  Erook  into 
tha  lake  rill  be  some  2, 'XX)  feet  from  tne  outelet,  allowing 
more  time  ler  storage  and  blenching  than  Ie  permitted  nor  with 
tne  entrance  directly  at  the  outlet.  Aleo  the  drawing  aora  of 
the  lfcke  to  lower  levels  and  for  longer  periods  will  permit 
better  nr.ri  more  rapid  drainage  of  Ha.i_v.ock  Svranp  a;d  rake  future 
ditcr.ing  more  ecnnomlcal  and  effective. 

The  proposed  outlet  channel  le  vesigned  to  carry  93  second 
feet  or  CO  million  gal lone  dally,  t. c full  c-pacity~of  the  exist- 
ing pipe  lin-e  to  the  City,  with  the  i'>ea  that  Echo  Lake,  being 
near  tne  rir.tr-.ke,  may  be  drawn  upon  to  nearly  thir  amount  for 
oulek  delivery  In  case  otner  ucourc.s  o<‘  Eupply  are  temporarily 
unavailable.  For  future  del el very  tc  a reservoir  at  Cnnrlotta- 
burg  a channel  capacity  of  200  second  feet  will  be  provided. 

TLl6.fc.tp -city  would,  have  tu/.en  care  of  all  but  eight  stc-m6  lq 
the  past  27  yenrsor,  ritn  a full  lake,  water  would  have  wasted 
over  the  splllwy  an  average  of  once  in  2.4  years.  Tne  92  eeoond 
l'eet  o 60  niili  .n  gal. one  daily,  will  flow  along  tr.e  -Pacnpin 
Sr  nch  railroad  rignt-cf  -ray  l.n  tr.e  cnvn.uel  of  an  existing 
stream  which  leovis  th?  right-of-way  about  Z, 6r0  feet  from  the 
dan.  The  larger  o r r.tity  of  200  second  feet  rill  continue  along 
ti.e  rigiit-Oi-way  tc  the  reservoir.  ’.Then  thir?  takes  place,  add- 
itional construction  •.  ill  be  required  cn  CaLankmentb  a».d  under 
ti.e  Iti  te  Highway  a. .cl  main  line  of  the  Susquehanna  railroad. 

In  previ  ng  for  tf.eee  larLe  flows  and  for  taking  water  from 
tr.e’ lake  nt  different  elevations,  large  gates  rill  be  employed. 
Having  more  tear,  one  of  t.-.esr  jnteB  .open  st  the  came  time,  eitr.er 
by  nisteke  or  maliciously , voul  • cause  d'.-ngerously  ,.l_h  flcre  in 
tne  channels.  Tc  obviate  t..ii  an  ir.t.rlcckir.g  c.evlc-  -ill  be 
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Installed  which  will  prevent  more  than  ono  gate  being  o,,en  at  l, 
time.  Another  safety  measure  will  be  t..e  building  of  ti,e  outlet 
or  reeterly  d*un  tv.c  feet  higher  that  the  spillway  or  easterly 
dam.  During  the  flood  of  October  1903,  the  .lake  roue  to  itout 
elevation  898  and  water  flcved  down  the  valley  in  which  tne  out- 
let dam  will  be  located.  Thie  height  of  water  was  propably  due 
in  part  to  decking  by  idriftwcod  of  tne  larg*  culvert  under  the 
highway  juat  below  the  present  outlet.  A section  o:  the  retd  over 
this  culvert  if  at  elevation  $03,  a:..d  the  crest  of  the  diversion 
dam  on  Cotter's  Brook  la  at  the  na.<  e elevation.  Water  could  flow 
over  the  road  for  a tine  without  serious  damage  but  not  over  the 
outlet  dam.  To  prevent  this  the  creut  of  ti.e  outlet  dom  rill  be 
at  elevation  904. 

T.ie  amount  of  available  water  that  can  oe  store  in  the  Sake 
bt tween  elevations  072  ana  893,  a depth  of  21  feet  or  tne  a . cunt 
of  the  drawdown  made  poe  ible  by  the  outlet  channel,  will  be  1,386 
million  gallons  or  a supply  of  4.2 5 million  gallons  per  day. 

Thie  16  an  increa.se  of  1,153  million  gallon.  of  available  water. 
Tne  assumed  runoff  from  tne  drainage  area  i p at  the  late  of  1.1 
million  g&lllans  per  day  per  sruare  mile.  "he  area  of  the  water- 
shed tributary  to  the  lake  is  4.35  sruire  miles.,  With  care  in 
maintaining':  the  height  of  watar  in  tnv  lake  an  allowing  no  waste 
over,  the  spillway,  a rate  of  4.0  mi  lion  rallone  per  day  m^y  be 
obtained.  Storage  to  elevation  893  in  the  lake  gives  a develop- 
ment of  91p  or  stores  915  of  the  annual  runoff  of  the  watershed. 

The  area  cf  the  lake  at  elevation  893  will  be  292  ncreF.  The 
maximum  discharge  at  LNcopir.  Intake  vluring  the  flood  of  1903 
appears  to  nave  been  at  the  rate  cf  1 o second  feet  per  square  mile 
from  tne  Poouannock  drainage  area  of  53.7  couare  miles.  T..ir  rate 
adjusted  to  tne  e^aller  area  of  tne  Zcho  Lake  waterened  was  uned 
for  the  maximum  xlood  flows,  ti.e  rale  used  ucing  153  second  feet 
per  square  mile. 

The  work  of  clearing  darne  l tee,  c nan  riel  locations  i n_-  the  shores 
of  tne  lake  to  contour  89G  was  be^un  on  October  22,  122d.  Tr.ir 
work  is  being  done  oy  City  .orces  under  the  cirection  of  Superin- 
tendent Rei'.ly  anc  under  the  inspection  ox  the  engineers.  Sir 
miles  of  cutting  lines  have  oeen  marked  by  the  engineers.  Cne 
hundred  oak  piles  for  the  cofferdam,  20  to  30  feet  long,  are  being 
iurnished  from  the  clearing  operations  in  addition  to  corn  weed 
and  saw  legs  sold.  The  area  to  oe  cleared  amounts  to  40  acres. 

At  the  an.  of  t..e  year  11  - of  this  area  had  been  cut  ever. 

negotiations  were  begun  lr.  July  for  t..e  puci.ace  c.  tne  hf. copin 
brunch  Railroad  from  the  Trie  Railroad  Company.  This  or:- nc;. 
railroad  frcm.erly  served  the  i4=  in. as. try  at  Zcho  Lake  ar...  is  of 
no  :urt:.er  use  and  ti.e  Railroad  Company  has  voted  to  abandon  it. 

Tula  action  traits  ti.e  ap  rcval  o.  t..e  Inter.- tot©  Com  cree  Com  — 

1 ion  and  the  State  authorities  of  Pem.sylv  .r.ia. 

• Cr.  December  21st  t..e  desil:i  a..d  plans  of  the  lake  Imp rc  v. -went 
project  were  well  under  r y and  t..?ir  completion  :n  the  prepar- 
ati-n  o.  contracts  and  specification?  assured  by  the  beginning  o-T 
tne  co..r  .ruction  re  con  i:.  April. 
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Ak  s-\rp,ci  From  Co^s\rQ^'\  yon 
Sp<2oi  f ICCL-Vt'cpnr  - Echo  L q,  |c<z  £w  \m 

Sect.  10.  f. Irene  rati on  of  Fneo  foe  Embankments.  Err, i. an k r. t b 

snill.ln  tT«no  1 u.1 , at  rt  from  a lirm  buee  from  rich  to;;  -r roll 
timber,  trees  mi  roctr.  and  other  periehable  matter  shell  b--ve 
been  removed  to  t.l:e  extent  required.  Loops  etonee,  bouldere 
and  d-btio  shall  be  removed  from  embankment  Pitee  to  toe  e t-.-nt 
directed.  The  base  under  embankments  shell  be  ploughed  Just 
previous  to  placing  embankments  to  make  a bond  with  the  embank- 
ment material,  nd  cn  eloping  ground  **111  be  stepped  where 
and  as  directed.  7'nia  work  rhall  not  be  measured  under  Items 
1 or  2 except  within  the  areae  v.-here  specifically  co  indicated 
on  the  drawlnge.  TThere  ipringe  are  encountered  "'itblr.  the  area 
to  be  covered  by  the  dame  they  shell  be  car;d  for  ae  shall  be 
directed  by  the  Engineer.  In  general  epringc  within  the  ccv.ti- 
etream  third  of  that  area  rill  be  covered  with  rock  and  a blind 
drain  of  rock,  laid  on  the  natural  surface,  provided  to  t;.e 
lower  toe  of  the  dfun.  Elsewhere  the  flow  of  tne  springe  will 
be  checked  by  the  earth  fill  as  it  risen,  cure  being  taken  to 
nlways  force  the  flow  upward  instead  of  allowing  it  to  form  a 
watercojree  through  the  completed  fill.  "c  permanent  or  t ;m- 
porary  fill  or  structure  will  be  allowed  to  be  placed  cr  cmilt 
on  any  portion  of  tne  dam  before  that  portion  is  thoroughly 
cleared  and  prepared  as  hereinbefore  specified. 


Sect.  10.3.  Embankment  1'aterlals  and  liethods  in  General. 

Fill  and  embankments  shall  be  made  of  acceptable  materials  from 
the  excavations  or  from  borrow  pits.  As  far  as  is  known  very 
little  acceptable  material  for  Item  10, embankment,  can  be  ob- 
tained from  tne  excavations.  It  is  expected  that  these  mater- 
ials will  be  obtained  from  borrow  pits  located  ae  shown  on  the 
drawings.  Before  excavating  e.:.uank...ent  m tsrisls,  nil  grass, 
weeds,  crops,  ti.’.  surface  re  t?  shall  be  accept aol**  removed  by 
mowing,  burning,  plowing  well  in  advance  of  time  of  excavation, 
harrowing  if  ordered,  or  other  approved?  methods.  Fill  end  em- 
bankment materials  shall  be  substantially  free  from  perishable 
matter  and  from  materllls  liable  to  become  unr: table  rhen  sat- 
urated with  water  after  having  been  compacted.  Any  nlacee  tnnt 
become  boggy  or  springy  shall  b?  corrected  to  too  satisfaction 
of  tuc  Engineer  and  such  material  as  necessary  shall  ce  removed 
nnd  tne  holer  refilled  in  a satisfactory  manner.  Should  tne 
Engineer  direct  that  unsuitable  material  bo  excavated  and  re- 
moved from  the  embankment  the  work  shall  be  orooerly  -'one  by 
tne  Contractor  at  hie  expense  ar.b  the  space  refll  ea  ar. : com- 
pacted as  specified.  All  stones  allowed  to  remain  shall  be 
sepmate:  from  eacn  other  cy  fir.’  earth.  !!o  stone  h a vine  ?r.y 
l...eufc'loi;  greater  tnan  4 lner.es  chall  be  u ce  h Lu..,./s  c e-irth 
ov.r  6 inches  in  any  dimension  shall  be  broken  up. 
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Sect.  10. -v.  Allow: vnce  .or  Snrti. «.  The  cu.oankrr'ntL'  r.v  1]  -.«■ 
milt  to  a r.eigi.t  aucve  t..;  : lnitne-)  ~gra  :e  nlu.i  v lli,  ir.  me 
opinion  o:'  me  Engineer,  el  lO'.v  :v  r tne  shrinkage  cf  tne  ...oterlul. 

If  euch  oruereo  overfill  ieeulto  In  in.  erects  section  c:’  b :.-j 
e.nt-un kment  . t the.  time  of  final  acceptance  of  tne  work  to  be  -'one 
under  t:.le  contract,  eucn  e ceEt  ena'll  be  include  j In  t..e  meueur- 
mentB.  If  any  eubankmenf.Y  cat. lee  ec  as  to  be  oelow  t..e  reo-ire. 
levc-lB  for  the  proposed  f Ini  thee  surface  at  any  place,  before 
the  final  acceptance  of  me  work,  the  Contractor  snail  supply 
approved  materials  and  bull-  up  the  low  plscee  ae  oirectei. 

Sect.  10.6.  Clao?lflcatior.e  of  Fill  an-  E-n- a.okr.ent.  Fill  and 
emo&nknent  shall  be  cine  if  led  for  payment  accoruir.  to  lie 
physical  characteristi ce  and  special  requirements  as  follcwe: 

Item  10  shall  include  fill  consisting  of  acceptable  earth, 
sand,  or  gravel.  It  shall  be  placed  on  the  east  side  of  tne 
Gpillway  channel  an.  as  a cover  over  the  area  narked  "Tin  rump* 
and  In  the  larger  ccffer-hum  as  ehev.-n  on  the  rowings  an  els  - 
wnere  as  or  ered , or  i..  icated  lr.  the  drawings. 

Item  11  shall  inclu-’e  impervious  fill  an:  embankment  con- 
sisting of  selected,  acceptable  earth  containing  enough  clay, 
soil,  or  other  fine  material  to  compact  an- : form  a witer-tipr.t 
emoank.-r.ent  an  • epos i ted  in  layers  not  ezeeeding  d inches  ir.  ti.ick- 
ness  when  spread  as  reouired.  Item  11  shall  include  the  Im- 
pervious fill  in  cut-off  trenches  and  embankment  repaired  for 
the  outlet  an!  spillway  an;  for  the  embankment  along  the 

diversion  channel  ri thin  t..e  limits  shorn  on  the  drawings  or 
ordere  i a:i  • eleem.ere  if  irecte-i. 


Sect.  10.7.  Consoli  hating  ImoerviouP  Fill  an  - Embankment . 
Earth  for  impervious  fill  an-  embank,  i.ent , 1 1 n 11,  shall  unless 
otherwise  specially  or-i-'red  or  p-r.i.itte'  , ss  orescri bed  in 
Sect.  10. I be  spread  in  approximately  horizontal  layers  longi- 
tudinally anc.  eloping  slightly  tow.ar ! the  center  tranr  ver'ely 
an.,  extenuing  over  t..e  entire  surface  of  the  embankment,  an 
not  more  t..an  6 lnc..es  ir:  this  kness  when  sprea-. 

ilotbr  c rawn  ump  ragene  or  otuer  vehicles  ap. -rover  by  ti.e 
Engineer,  shall  be  use.;  for  tr-neptrting  t:.e  material  for  t..e 
refill  an:-  embankments , m shall  be  routeu  so  ae  to  prouce 
t;.e  greatest  amount  of  compacting  cf  t..e  material  in  tne  uums. 

Tne  spreading  shall  b-  none  by  neavy  ron  sprea. ers,  nauleu 
by  caterpil  ar  tractors  cr  tractors  havin._  bla  e:  rneels  tr 
by  motor  .riven  bull-  .osers. 

Tne  fills  an  e.-acank.j.ents  shall  be  concoll  :ated  oy  t..e  u.te 
of  rollers  an  rater  to  tne  extent  t..ut  t..e  voi  e in  tne  ma- 
terial snail  be  re  uce  to  not  ...ore  man  2 per  cent  o:  t..;  vol- 
ume of  t..e  compacted  earth  at  determine1',  by  samples  tiken  from 
t..e  fills  an-1  embankments  un-er  construct  on. 

It  is  assumed  that  the  degree  of  compactness  reouired  can 


be  brought  about  by  the  u 
Approve':  power  rol-e  r 
oe  used.  Tne  rear  wneel 
euch  ri.  tn  an.  . iau.et-r  a 
t..e  total  rei_nt  o:  t..e  r 
it  ®..oll  C'-u.-e  a r 1:  1:  t 


least  3 o 'o.ti  * to.  t..e  ?- 


ft...  f t..e  t -eves 


e cf  rcllers  an  water. 

with  ; r ;ve  r r _nr...e.  rc.ls  snail 

r vn.eeli  of  t..e  roller  shall  be  cf 


s. .all  bear  £ :ch  a oroportion  c*‘ 

; 1 :-r  t...-.t  wi tn  n p-r.r tr..ti:n  of  t in 
t v . a ■;  restore  t..f  To*ii^.c>y-  c^-  -•  , 
are  ir.cl.  on  its  n :lr. 

ere  -n-.il  be  t..e  -idth  e?  +<*  VcA- 1 . 

beurtdfiM  a se  n.ent  of  V 0 [■)  «-V-  ^ 7 
havinft  . cVim  • 


C/  . 


PJpo  lines  rl  th  none  co:...ec tl cuu  not  lest.  t . .0. r»  ltd  1 < 
snail  oo  l'-.i  u!  eng  the  omsite  for  supplying  n'-tr. 

A capacity  of  not  lees  tran  50  gallons.  per  minute  at  ti.e 
ncz  lee  ehall  be  provlc-e  for  each  of  not  1-eu  ti.an  twc  nozzles. 

Tne  number  of  nozrlee  of  this  capacity  snail  oe  Inert  et  ■ If 
repui reo . 

Tiie  euriace  to  be  covered  by  e losd  cf  earth  shall  be  tho- 
roughly wet  Just  prevloue  to  comping  tr.e  load.  Thle  prcce. ure 
shall  be  rigidly  auhered  to;  tne  ooject  being  to  get  arr  retain 
tr.e  propor  amount  of  rater  rlthln  the  earth  im-ee  em  to  avoid 
the  foonr&tlon  of  pools  and  mui  y,  ellppery  rurfacee. 

Rolling  anu  retting  shall  be  continuer  until  ti.e  reouired 
compactness  is  obtained..  I f these  methods  are  not  euf.lcient, 
tne  reight  of  rollers  an'-  amount  of  rater  snail  be  ir.cre;  eeu. 

Sect.  10.8.  Special  Compacting.  Portions  of  tne  fill  an  e:n— 
bankment  which  are  very  small  in  area,  t.nose  portions  adjoining 
the  cut-off  rails,  other  portions  rhlch  the  rcliere  cannot  reach 
l'cr  any  reason  an.  material  used  for  refilling  trencr.es,  if  so 
or.eree,  snail  be  complete':  by  means-  of  mechanical  tampers  oper- 
ated by  conpresseo  air  or  ot-.erwise,  or  by  extra  heavy  ban. 
t ampere  use  energetically,  cr  by  Depositing  t..e  earth  by  or 
through  water  in  such  ..mnner  that  all  of  it  shall  oe  thoroughly 
saturate';  cut  not  stratified,  or  by  ot..er  means  which  rill  se- 
cure a satisfactory  degree  of  compacting. 

Sect.  1:0.1. hln'~s  of  llnscnry  nn  Where  Used.  Concrete  mason- 

ry will  oe  reouireo  in  tne  spillway  an  ■ walls,  t..e  cut-eff  walll, 
an  for  paving  t..e  "iversion  cnannel,  eloewa.ere  as  shewn 
on  the  drawings  cr  on  ereri.  Reinforced  concrete  will  be  used 
in  the  outlet  consult,  the  intake  tower,  an  in  two  culverts, 
and  el  sew. .ere  as  shown  on  the  ■; rowings  cr  or  ered . Stone  or 
crick  masonry  rill  be  use  1 to  face  the  gate  house  vails.  Paving 
lai  dry  will  be  used  for  t..e  siege  paving  on  the  upstream  ride 
of  the  earth  dams,  for  the  overflew  channel,  ar. ; portions  cf  the 
1 version  an'  outlet  channels  an.  elscw..ere  as  shown  on  then 
urttdings  or  orueren. 


Sect.  lbG.2.  Preo arln r t..e  Foun  tit  ions  for  masonry . Saf ore 
lsyinb  mn.onry  0.  any  c^ar.e  at  a t.iven  place  t:.-  roc.c  or  other 
founootlon,  cr  t;.e  marenry  p evicusly  lai',  shall  ue  prcperlv 
prepared  as  heroin  specified  ar  as  directed,  ar.  wr.cn  cc,;  inning 
tc  place  tr.e  masonry  a be  cf  fresh  mortar  cf  tr.e  Duality  here- 
inafter specif  leu  ar.  0:  tr.e  thlckr.esp  reouir&u  shall  be  spread 
over  tr.e  founation  an  thoroughly  worked  into  all  .resr-i  car 
a.r  crevices.  This  work  shall  not  be  ir.clu.e.'/  in  tr.e  me  Gure- 
...ent  for  Item  9,  unless  specifically  oesi(  nateo  ae  special 
preparation  .or  rock  surface  un  er  tn:  ti tern.  Foundations,  in 
earth,  of  t..e  retaining  na Hr  an*"  tr.e  overflew  weir  of  the  spill- 
way, the  culverts,  ar.  elsewhere  as  or. area,  shall  ua  rolled 
cr  tamped  ns  directed. 


Sect.  15G.13.  Water  ar.  Consistency.  Water  for  concrete  an- 
mortar  en'-.lj.  .j  clan  ar.  fre-e  fro.-  injurious  amounts  of  oil, 
sci  , cl  tali,  cr  ar.ic  ...attar  cr  c:..or  ''olc-tericua  Eubstance. 


cf  water  use.  r.  • 


no  revs 


urinr  tne  ' ?. ter.  I..e  ru;.ntity 
im.im  r..:C-8.  ary  .c  .r:  uc:  renew 


• r' 


or  n workability  rooulred  by  the  Enrlnaer.  T..e  cone  1 1 \ entry  1 
ti.e  concrete  at  the  form  shall  be  suchti.iit  the  slump/ test  uu 
cer.crlocj  in  "Tentative  Method  of  Teot  for  Conrl.t^ncy  of  Port- 
land Cement  Concrete  l'or  Pavemente  or  for  Pavement  bate",  9erial 
DenignationDlbO-rhlT  of  ti.e  American  Society  for  Touting  L'.uterlalo 
shall  be  rlthln  the  limits  in  lenten  in  ti.e  following  table 


eoe  otherwise  permittee  or 

ordered : 

1’arlmum 

Hinimum 

Slump  in 

Slump  in 

Type  of  Concrete 

Inches 

Inches 

Reinfo  reed  and  watertight  concrete  6 

3 

l!asc  concrete 

3 

1 

Lean  concrete  for  filling 

3 

1 

Sect.  13.1.  Work  Included.  Concrete  Ip  clnreifie*  by  ure. 

Item  lb  consists  mainly  of  reinforce1  watertight  concrete  in 
ti.e  con  uit  an.  intake  tower,  culverto,  channel  paving  an  :teos, 
on.,  elsewhere  as  shorn  on  t:.e  ’rawlr.go  or  an  or.ered.  Item  14 
consists  mainly  cf  mare  concrete  in  gravity  section  r.-tainlnp 
anc  wing  voile,  spillway  weir, con  uit  head-walls,  cut-c.f  walls, 
an  supporting  structures  for  caet  iron  pipe,  an.  elsewhere  ae 
ehcm  on  ti.e  drawings  cr  Orel  .-red.  Item  15  ic  a lean  concrete 
an'i  shall  be  area  for- filling  an  ot.ier  eimlllur  p urpoces  as 
shown  on  the  drawing*  or  ordered. 

Sect,  lb. 2. Placing.  The  concrete  shall  be  place  > continu- 

ously so  as  not  to  impair  the  strength  of  the  structure.  Unl.so 
otherwise  permittee  or  reouireci,  ti.e  reinforced  concrete  for 
each  section  of  ti.e  con. uit  shall  ue  placed  in  one  continuous 
operation.  All  steel  reinforcement  shall  be  placed  in  the 
exact  positions  ana  with  the  spacing  shown  on  tne  drawings  or  ne 
or  ered,  an  shall  be  so  fastened  in  position  as  to  prevent  ••ie- 
n lacement  while  ti.e  concrete  if  being  ':e.’Osi tec!.  To  pecurc  a 
watertight  structure  for  t:  e relr.f  rco:  concrete  consult  anc: 
incase  tower  more  than  ort  inary  care  in  miring  an  placing 
concrete  if  essential. 
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Drawings 

1.  Plan  of  Echo  Lake  Improvement,  February  1897 

2.  Blasting  Outlet  channel  in  Echo  Lake  Reservoir,  May  1950 

3.  Location  of  Spillway  and  Intake  Structure 

4.  Borings  and  Geology 

5.  Plan  View  of  Diversion  Channel,  Spillway  Channel  and  Earth  Dam 

6.  Cross  Sections  of  Spillway  Channel  and  Diversion  Channel 

7.  Spillway  and  Abutments  Sections 
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